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Introduction
Geant4 is a toolkit for Monte Carlo simulation of the passage of particles through matter. It is widely used in high energy, nuclear and accelerator physics, as well as in studies in medical and space science [1, 2] . In the recent years, the Geant4 collaboration community has been doing efforts in order to improve the toolkit capabilities for the modelling of hadronic processes, in particular for neutrons at low energies. Thus, benchmarking with experimental results and validated codes, e.g. MCNPX, are important activities. Moderated 3 He-filled counter tubes are high efficiency fast neutron detectors. In these counters, a thermal neutron undergoes the reaction 3 He + n th → p + t, where Q = 764keV , being the reaction products energies E p = 573keV and E t = 191keV . Because of the walls of the counter, in some cases the energy of the reaction products is not completely deposited inside the counter. It results in a deformation of the energy deposition spectra known as wall effect.
Modelling the energy deposition spectra
The energy deposition spectra from neutron captures in a paraffin moderated 3 He-filled counter tube was simulated. The detector is a LND2523 neutron proportional counter (see figure 1 ) inside a paraffin wax block of geometric dimensions 45 × 15 × 15cm 3 . The moderator is surrounded by a cadmium sheet. In the experiments, the detector was irradiated by an encapsulated 252 Cf radioactive neutron source. The modelling of the energy deposition spectra was done according to the following strategy:
• The proportional counter is modeled as a stainless steel tube filled by a mixture of 3 He gas and the quenching gas (CO 2 ).
• The counter is divided into two volumes: Active and passive(see figure 1 ). Detection of events is related to energy deposition inside the active volume by the neutron capture reaction products.
• The pure spectra generated by Geant4 should be convoluted with the response function of the detection system. This function is assumed to be a gaussian distribution. The parameters of the gaussian distribution are fitted from the experimental measurement.
• The neutron source is not simulated directly. Instead, the G4GeneralParticleSource class of Geant4 is used for sampling neutrons with the spectra of a 252Cf radioactive neutron source (ISO8529-1) [3] . The neutrons are generated isotropically from a region with same geometry of the neutron source.
• The simulation use the QGSP_BIC_HP PhysicsList for the physical processes. The QGSP_BIC_HP is a recommended PhysicsList for neutrons in shielding, low energy dosimetry, medical and industrial applications [4] . 
Results and remarks:
In figure 2 are shown the results of the Geant4 simulation of the energy deposition spectra. A good agreement is obtained beetwen the simulated and the experimental spectra. In contrast, poor agreement is obtained when comparing the calculated to the measured detector eficiency. From simulations is concluded that:
• To overcome the problems with the calculated efficiency, a special treatment of neutron scattering bellow 5eV is required. This treatment is provided by the G4neutronHP package [5] . For this treatment, the molecular structure or crystal lattice plays an important role, being neccesary a special thermal library for each material. At present, there is not such library for paraffin wax.
• Parameters such as: Tube gas pressure, quenching gas proportion, geometry of the neutron source, density and paraffin composition do not have a significative influence in the shape of the energy deposition spectra.
• On the other hand, the energy of the moderated neutrons and their entering direction to the counter affect the shape (height and slope) of the part of the spectra to the left of the full energy deposition peak.
• The effects on the shape of the spectra are due to the existence of the interface active/passive volume. The effect of the energy of the moderated neutrons is related to the mean free path of these neutrons inside the counter. While, the effect of the entering direction is related to the capture of the neutrons in the active or passive volume.
• The effects on the shape of the deposition energy spectrum by the capture reaction products in 3 He-filled proportional counters may be of interest for slow neutron spectroscopy. The total efficiency of 3 He-filled counter tubes moderated by polyethylene blocks of different size was calculated. The calculations are compared with experimental measurements and MCNPX calculations by Jordan et. al. [6] . The detectors are six polyethylene moderated LND252248 counters tubes. The moderator geometries are given in table 1. Each detector was irradiated by a 252 Cf radioactive neutron source. The modelling of the total efficiency was done according to the following strategy:
• The counter is modeled using active and passive volumes.
• The use of thermal libraries is included in the PhysicsList and the thermal library for polyethylene ("TS_H_of_Polyethylene") is used.
• For sampling the neutron energy from the source, the Watt fission spectrum ( f (E) = C · e −E/a · sinh( √ bE)) was used with the MCNP recommended parameters for a 252 Cf neutron source (a = 1.025MeV and b = 2.926MeV −1 ).
Results and remarks
In figure 3 is shown the comparison beetwen Geant4 calculations with experimental measurements and MCNPX calculations. Within the experimental uncertainties of the measurements, good agreement is obtained with both numerical calculations (Geant4 and MCNPX). When comparing Geant4 with MCNPX calculations, a systematic bias is observed for Geant4 results.
• The systematic bias is related to some bugs arising from the way Geant4 extrapolate data from libraries [7] . These bugs are expected to be corrected in the next releases of Geant4.
• For efficiency calculations, the physical description of the neutron source plays an important role. In addition to the use of the proper spectra for sampling neutrons, the proper size and geometry of the source should be used in order to obtain good results.
Application to detection of fast neutron burst
Fast neutron burst are produced in fusion plasma experiments, e.g. plasma focus, Z-pinch or laser driven inertial confinement. In these experiments, fusion reactions happen during short time periods, typically less than 500ns. For a neutron burst, the piling-up of single events detected by a moderated proportional neutron counter produce an only signal. This signal can be recorded by an osciloscope and used for the measurement of the neutron burst intensity (neutron yield) [8] . The shape of the signal depends on the feeding time of moderated neutrons to the counter and the response of the adquisition system (preamplifier). The reconstruction of the signal is modeled using Geant4. Geant4 is able to track one independent event and its secondaries. Therefore, the direct simulation of a neutron burst is not possible. The reconstruction of the detector response is done using the following strategy: • The neutron events travelling inside the moderator and detected by the counter are assumed to be independent to each other.
• The temporal response of the adquisition system, measured experimentally, and the Geant4 calculated passage time of neutrons through the moderator before being detected is used for reconstruction of the signal.
Results and remarks
In figure 4 is shown a comparison of Geant4 simulated signal with experimental measurements for a neutron burst of 10 6 n/burst. These preliminary result shows a similar shape of the simulated and the measured signals. The numerical reconstruction of recorded signal may be of interest to study loss of proportionality in moderated proportional counters when irradiated by neutron bursts.
Concluding remarks and future work
The use of the Geant4 toolkit (geant4.V9.5) is showing promising results for the modelling of moderated 3 He-filled proportional neutron counters. Future work is related to the validation of a modelling code able to calculate properly the energy deposition spectrum by the neutron capture reaction products and the detector total efficiency. For this purpose, a measurement campaign is underway to provide reliable data for benchmarking and validation.
